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THE NERNST GIOWER? ITS DEVELOPMENT, CHARACTERISTICS, 
AND APPLICATION TO ILLUMINATION PRACTICE. 


Sed ~000——=— 


The electrical interests heave, within 
the period of the past 10 years, made unusual progress 
in the direction of higher efficiency of generating, 
transmitting, distributing and current consuming machines 
and devices but, within the recent period of only 5 years, 
greater,by fer, has been the advemce in the means of 
converting electrical energy into light and also the effic- 
iencyof application of the same to the requirements of 
modern illumination practice. 

The birth of the carbon filament incan- 
descent lemp, the discovery of the are lamp, and the advent 
of the Nernst lamp mey be regarded as the three great 
epochs in the ennals of commercial electric lighting. To 
the letter end most recent of this trio must be given tn- 
divided credit for thecontinued generel use of electric 
current for artificial lighting through that period when 
important discoveries were made in Welsbach gas mantles which 
seemed to indicate that gas would be the populer and univer- 
sal illuminant for future service. These apparent conditions 
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of only the low efficiency, low candle power, carbon 
incandescent lamp on the one hand and the high efficiency, 
high cendle power arc lamp on the other hand until the 
advent of the Nernst lemp. By reason of the fact that 
the Nernst lamp was the only electrical illuminamt of 
high efficienoy snd was obtainable in any desired candle 
power, a timely weapon was placed at the disposal of 
Central Station interests which would cover the entire 
field amd successfully fill the existing gap between the 
electric are and the carbon filament incandescent lamp. 
Inasmuch as the incandescent electric 
lamp, under which the Nernst lamp is properly classified 
as a special design, has become such a common necessity 
abd useful factor in every civilized community, it is to 
be expected that the problem of its development to a high 
state of perfection is one of wide-spread interest. 
Relatively speaking, but little publicity has been given 
to the Nernst lamp in comparison tothat given by the army 
of individuels financially interested in the development 
and exploitation of vacuum lemps end, in the opinion of 
the writer, the embodied principles of the Nernst glower 
offer greater possibilities for development into an ideal 
illuminant than any other type of lamp Inow at the present 
time, end, were the vast amount of energy and capitel which 
has already been expended in the development of vacuum lamps, 
directed to the scientific investigation and commercial 


modis9 ,tewog of5ase wol ,yometofite wolf odt yao to 
eVorstoltte dgid eft 5as Bast omo edt mo quel tneosednsont 
odd [ites baad tedto edt so quel ors tewoq eLbnse maid 
tsadt fost edt? to soagex YL gust tenze” edt to tnevhs 
to tmncta(lt {sebtteeie yimoe ed? asw qusl temre™ ont 
s{5nse beileed yas af oldentatde eaw bus wretottte datd 
to IseeqatS edt te beosly eaw moqgeew Ylentt « ,tewoq 
e1finse edt 1eves bivow doftw eteeredat soitat! Lertaed 
odd geewied qsg gr itetze eid [fit Uflwteseoore bas blott 
equsl trecaebmasent garomellt modigse edd ime ots ofttoele 
intoo le tneceebasomt edd ce stommenail 
betiieesfo yfreqorr ef quel tenrell ed? dotdw toban ,qmal 
ytiaeeses momen = Mowe omoved acd ,igtees Istoare @ ea 
ot et tt gyttammmoo Sest£ivio yrove mt totes? fvteaw bis 
isid a ot dmemgofeveS ati to meidorq odd teit Setoeqxe od 
-Sacv9etst beerqa-chiw to ome et gottostreq to etste 
aevig soed ast @iekidwq efittil ind .gatiiseqa yLeovitelez 
yrs eft wi wevig taxdd of moaixeqacs xt qual tante”™ ert of 
trompofevei odd at beteesetat ylfetonemEt eafsebivibst to 
to motetgo edt at ,Sns aqgast aeweev te aottsttofexe bx: 
tewolg tear te™ ett te esigtontaq beibodme edt .setiew edt 
{[se5t as otnt toomgofeveth tot aeftiltdteacg setse1g tetto 
toesetq edd ts mromf qmef to eqyt tedto yxes sad? dmsmtms lit 
foidw istiqso bas ygreme te tavors teav eft etew .bos ,omtt 
.aqasl muwoey to dmeuqoleveb odd ai teimeqxe aeed ybeotls cai 
[stotemmos bas mofttagitaevnt ofiitvmetees edd oF betooith 


(3) 


exploitation of the principle of the Nernst glower, 
the Nernst lamp would undoubtedly be made the most 
ideal and populer illuminant of the future. 

Considerable scientific investi- 
gation of the basic principle of the Nernst glower 
has already been carried to apparent perfection, and 
considering that discovery in illuminants today may be 
regerded es history tomorrow; so fast is the general 
progress, that the subject matter following will be 
centered about one type of Nernst glower which is now 
practically standardized and reference will be made to 
this unit for comparison with later developments. 

The fundamental principle of the 
Nernst lamp, that certain of the rare earths or refrac- 
tory pxides, when combined in correct proportions, will 
conduct electric current end give forth a brilliant white 
light after being heated to redness, was discovered by 
Dr. Yalter Nernst, a German physicist, in 1897. 

The original invention of Dr. Nernst 
is embodied only in the light giving element, or glower, 
so nemed in order to distinguish it from the filament, 
or light giving element of all other types of incandes- 
cent lemps, ani is characterized by two peculiarities; 
namely, 

First:- It is ea non-conductor of electric current 
when cold, becoming, however, a good conductor at temper- 
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Second:-- The passage of electric cuwrent through 
the glower maintains it in a high state of incendescence 
in the OPEN AIR. 

The Nernst lemp in embro was first 
brought to America at the request of Mr. George Westing- 
house in 1898 and consisted of a crude body supporting 
a glower and a fine pletinum wire resistance connected 
in series therewith, but without means for rendering the 
glower automatically conducting. Foreseeing its great 
possibilities, Mr. Westinghouse promptly umiertook the 
commercial development of the ideas prsented with the re- 
sult that the Nernat Lemp Compsny was orgenized in the Fall 
of 1901 and wes prepared to market a practical and effic- 
ient lamp. 

The Nernst Lamp, as a unit, consists 
of the following essential parts:-- 

1. The glower, or light giving elanente 


2. The Ballast, or steadying resistance in series 
with the glowere 


3. The Electric Heater, to render the glower con- 
ducting. 


4. The cutout, to interrupt the heater circuit after 
the glower once becomes conductive. 


5. The Lemp Body, which combines the sbove elements 
in s commercial form. 


The glower is the distinguishing 
feature of the lemp, deserving special treatment and con- 
sideration and, during the various manufacturing processes, 
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the following desirable and essential characteristics 
must be sought end are given herewith in the order of 
their commercial importance: 

| 1. LIFE. A glower must heve a long individual 
life(that is, early failures must be very infrequent) 
and also a long sverage life. 

2. LIFE-VOLTAGE CHARACTERISTICS. It is desirable 
that the curve between volts and life be a straight line, 
although under certain comitions it might be a great ad- 
vantage if the glower could be so made that the voltage 
would decrease slightly with life, in order to mke up for 
decrease in surface emission of light. While it is an 
innate property of the glower meterials to rise in voltage 
with life, the rise can be controlled to a lerge extent by 
@ combination of glower mixture, form and physics] con- 
ditions, 

3- JZENGTH OF LIGHTING PERIOD. The time required 
to bring a glower up to conducting temperature must be a 
minimum and is effected by mixture, form,. terminals, and 
capacity of heater employed. 

a. TR STABILITY. Stability, with reference 
to the performance of the glower, indicates the position 
of the crest of the voltage-current characteristic or the 
point where a further increase in current is accompenied by 
@ decrease of glower voltage; i.e., the efficiency, heyond 
which the negative temperature coefficient will predominate. 
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It is expressed in terms of Watts per Camile Power, 
which correspond to definite values of current. 

The stability point shifts slightly 
with life, but not to any material extent due to the fact 
that a iene in Camile power because of surface deter- 
ioration opposes the inherent tendency of the glower 
materials towards higher stability with life. 

5. EFRICIENCY OF EMISSION OF LIGHT AND INHERENT 
DECREASE IN CANDLE POWER. Characteristic of all illumin- 
ants to have a depreciation in eandle power with service, 
there is a decrease in the efficiency of light emission in 
the glower, caused by the volatilization of any impurities 
in the glower mixture as well as by erystallisation and 
contraction of section of the glower. Careful chemical 
inspection and attention to the physical properties are the 
chief. means of reducing this decrease of candle power to 
& minimum. 

6. EFFICIENCY AT WHICH THE GIOWER CAY BE OPERASED. 

The chief limiting féature of commercial efficiency is the 
form of leading-in wire or terminal, although #1,2 and 4 
above named elso have important bearing on this quelity. | 

7. MECHANICAL STABILITY. | 

A glower must be capable of wi thstanding 
mechanical injury while in the various processes of manufac- 
ture, in shipmat, and during service. 

8. SPECIFIC RESISTANCE. In glowers of certain capac~ 
ities, this is of vital importance. As an illustration 
it would be a decided advantage in a low voltage, hich current 
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glower, if it were possible to gain a greater length 


between the terminals for a given voltege. This would 
also attenuate the glower, and the terminals would be 
materially reduced in size. 
GLOWER MANUFACTURE 

The glower has been made from a 
large number of different combimations of oxides md 
the composition has not always been confined to the rare 
earths, nor have all glowers been non-conductors when cold. 
On the contrary, some have been composed of more common 
elements and some have not required preliminary heating 
in order to render them conductors, end, therefore, known 
as self-starting glowers. Commercial glowers, however, 
may be said to consist: of one or more metallic oxides cap- 
able of withstanding very high temperatures and also are 
conduetors of electric current only at these temperatures. 

Tt has been found that the oxides best 
suited for glower purposes when taken singly, are much 
inferior conductors at the temperatures at which glowers 
are required to operate than when taken in combination with 
each other. In this respect such conductors differ from 
metallic conductors where the purest metal possesses the 
best conductivity. | 

The determine tion of the best materials and 
the proportions in which to combine them in order td produce 
commercial glowers, have been the subjects of a vast amount 


of investigation which is even now pursued in the search of 
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spmething better than hes, so far, been devised. It igs 
evident from the large number of oxides which are avail- 
able, thet an infinite number of combinations may be 
made. The majority of the rare earths which have been 
found suitable for the manufacture of g lowers are 
members of the two &roups; es follows: 
GROUP #1 p04 Group of rare earths. 

Titanium --- Ti, 

Zirconium --. Zr. 


Thorium --- The 
SSeS 
0, Group of rare earths. 
3 


Scandium --- Sc. 

Yttrium --- Y, 

Lanthanum --- Ia. 

Ytterbium --. Yb. 

Erbium --~ Ere 

Not only may members of the same group, such as Zir- 
conia and Thoria be used together with more or less 
satisfaction, but members of different €roups, such as 
Zirconia and Yttria may be used with even more suécess. 
In fact, the latter combination forms the basic part of 
the commercial Nernst glower. 

The source of the Minerals from which 
the rate elements are obtained is a mine owned and 
operated by the Nernst Lamp Compsny, known as "Barringer 
Hill", in Llano Co., Texas, which is a highly granitic 
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region. This property is exceedingly rich in deposits 
of minerals containing Yttrium, Cerium, Thorium, and 
Uranium Oxides, which deposits occur in the ferm of 
pockets from a few ounces to one hundred and fifty pounds 
capacity, embedded in great masses of quartz and ortho- 
clase-felspar, in gigantic pegmatite. 

These deposits appear to be the focal 
point of rigid lines radiating from every possible direc- 
tion to distances of seYeral feet and in some cases up 
to five and eight feet. It is also noticeable that these 
radial lines are fissures end bear no relation to the 
natural cleavage or crystalline form of the high rock 
masses in which they exist. 

Easy perting takes place along these 
radial lines, thus making the ore quickly available to 
the miner. Since these lines converge into ore rich in 
Uranium snd Thorium, end are & common phenomenon at this 
mine, it is probable that their existence may be ascribed 
to an electric or other order of activity, wich thus 
evidences the presence of Radium, or some allied element 
or elements. 

The various minerals found so far in the 
development of this property are named herewith, the 
most abundant being Gadolinite and the remainder in the 


order nemed as to quantity. 
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1. Gadolinite 


2. Cyrtolite 
3. Fergusonite 
4. Allanite 
5. Yttrialite 
6. Thorogummite 
7. Nivenite 
8. Molybdenite 
9. Mackintoshite 
Some of these minerals show a strong 
activity when tested photometricallye 
Gadolinite is an ore rich in the ceria 
end yttria groups, md is the principal source of sup- 
ply of the yttria which enters into the composition of 
the glower. A long series of operations is necessary 
to reduce the crude minerals to glower materials and 
requires a continuous laboratory process for a period 
of approximately ninety days, the details-of which would 
be a subject so broad that a clear understanding would 
only be gained by a separate treatise on chemical 
separation, which space will not permit. 
In general the materials entering into the 
composition of the glower must be absolutely pure and a 
uniform quality is of equel importance since the physical 
characteristics of the materials detemine several char- 
acteristics of the commercial glowr. Critical 


attention to concentration and temperatures of solutions 
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during the chemical operations give a uniformity of 
characteristics which can be duplicated from time time. 

The materisl are tested physicelly for 
specific gravity, fineness and plasticity, md a few 
glowers are made from one new element in combination with 
a standardized material and tested mechanically for 
strength on ea specially designed testing mchine and elec- 
trisally by noting the voltage, wattage and efficiency 
performance with life under overload coniitions. When all 
the test fall within the prescribed limits the material 
is approved for use, or in case any characteristic is 
below the fixed limit, perhapa because of some physical 
reason, the meterial is rejected and again subjected to 
the final chemical processes. 

Oxides of the cesired quality having 
been obtsined as above outlinedh a commercial glower having 
a definite performance will result by mixing these oxides 
in definite proportions with e suitable binding material 
and then following the various processes of glower menufac- 
ture, es hereinafter reviewed, through each step with exact- 
ness and precisiones 

With the desired glower characteristics in 
mind, the proper proportions of the before mentioned oxides 
are mixed with water and ea suitable binding mterial in a 
special design of high speed ‘tmeading machine which is 
meinteined at a low temperature during operetion, until the 
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materiels form into a doughy mass of exact consistency, 
so thet ea définite pressure will be required to force the 
dough through a die. 

The dough is then removed to squirting 
guns and held at a low temperature by refrigeration until 
the size of die has been selected, through which the 
entire lot will be squirted, for a definite efficiency at 
normal rated current; efter which the squirting operetion 
is performed in the least possible time in hydraulic or 
power presses under a fixed and uniform pressure, the mag- 
nitude of the pressure depending upon the efficiency and 
current capacity of the glowér desired, send also the form 
of glower string; i.e., rod, tube or special fom. 

After passing the die, the glower string 
in a continuous plastic form, is caught én gauze trays, 
dryed for a long period in the air, after which it is 
further dryed in steam ovens. It is then cut into lengths 
from which two finished glowers will be made, packed in 
platinum tubes and subjecéted to a very high temperature in 
furnaces for several hours in order t fix the properties 
and roast out the last traces of the binding material. 

The ems of the roasted string are then 
passed through an electric are and a small bead or terminal 
projection of "sintered" glower is formed. The next ope r- 
ation is what is termed as "flashing" in which operation 
the glower string is held in « machine, under tension, by 
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electrical contacts om the beads previously fdbrmed and 
greduelly increasing currents are passed through the 
string until a definite overload is forced upon it. This 
operetion not only makes the string of uniform line, but 
also removes all traces of mechanical shrinkage. 

At this stage the pletinum terminals 
of various forms best suited to the capacity of the 
glower are applied and covered with a paste, made from 
finished glower string finely divided snd held by a 
binder, efter which the glowers are roasted at a high 
temperature. This operation completes the manufacturing 
process of the glower. 

The glowers are next rated for dom- 
merciel service by mounting them on a large rotating 
device through which a constant current, the nomal 
for which the glower is designed, is maintained and the 
glower voltage is determined by means of sensitive 
laboratory instruments which indicate the direct drops 
in voltage over the finished glower. The free glower 
voltage obtained in this mamer is then equated to lemp 
voltage and the glowers are packed and ready for commer- 
cial service. 

BALLAST 
The electrical conductivity of the 
Slower becomes greater as the temperature increases and, 


therefore, it becomes necessary to provide a steadying 
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resistance or "Ballast" operated in series therewith 
for commercial operation. Inasmuch as iron possesses 
the property of increasing its resistance to the pas- 
sage of electric current in proportion to its rise in 
temperature, this metal has been adopted for the commer- 
cial ballast in the form of a very fine wire enclosed 
in a glass bulb containing an atmosphere of hydrdégen. 

The design of a ballast which will 
give the desired corrective action is extremely important 
and very difficult, while the manufacturing problem is 
comparatively simple. The iron wire is rigidly supported 
on &@ "mount" end etteched to platinum "leading in wires" 
which pass through the"seal", and the finished mount is 
fused to a tubulated glass bulb end exhausted in exactly 
the same mamer as in Incandescent lamp practice. At 
this point, just before "sealing-off", hydrogen is intro- 
duced at atmospheric pressure, the bilb is sealed and 
provided with a base after which the ballast is "seasoned" 
and tested. The customary"air test" should show the 
absence of air and if the normal current, when normal 
voltege is impressed, falls within tl prescribed limits, 
the ballest is approved for service in a lamp. 

HEATER 

Since the gléwer reaches a point of 
conductivity nd becomes incandescent set mproximetely 
950 degrees: C., it is readily apperent that to acquire 
such 2 temperature quickly end without rapid destruction 


miwetoeit eeitea at betetego "Sesllshi" 10 senstetser 
eeasegaog moil as dovmesml  emottesieqo [atotemmoo xot 
-3sq oft of eomstetae: ati guiasetoat to ytregotq edt 
ai eatr ati of mottrocotq af taerwo olitoefe to esse 
-temmco edd tot betqohs seed eat Latem sidtd ,oxuteneqmet 
beaofone o1lw exit yas 6 to artot odv at @aalied eto 
-xegothbyd to etoivaomts ae goiagiataoo diud aesfg 2 at 

iliw dott dealfed e to ateob off 
inst roqmi yLlemertxe af goites evitgettos bexteebh edt ev ig 
al moldotg guiiutostumem oft ofidw ,Sfsotthts quev one 
Sstroggue YLbigit at extw mort eff .efquie pleviterequoo 
"“gexiw xk guftiael" auattel¢ of Sedostta Sas “davon” 2 ao 
at sarom Sedetatt edt bas ,"f{aee"o? dgua dt aseq doidw 
Vitesxe si Dotavaize Sas diud sesig beteaiudut a of feast 
tA .eoiteasuq qmal tmeoeebaeonl af as temtem empe o dt 
-ostai af megotiyd _."tbhe-gaiiaes" erokted tac) yiateg eit 
brs befges at di d aft ,exweaenq oltedqeomts ts beowb 
"Seroasea” ak taallisd edt dotdw setts saad e ddtw tebivot 
edt wode oivode "teet tis"yremotewo od «beteet bas 
fsatoxr sedw ,tastise Lavuon edd ti Sus aka to eoxeads 
.avimil bedisogexq ait midtinw af (et ,boeaorqui at egsti ov 
equal @ at esivrse rot bevorqggs ef texlisd odt 
a 

to tatog « aedoset t6w6ly oct sonte 
(istaatxoigys ts tuepeeinsont semooed bos: yitivitesbmos 
ettiupos ot ted? tmotagy7s yliieweou af SE ..9 seeerges O8C 
cottoyrteeb Stqet teodtiw ine yUltotup erstereqmet : dove 


(15) 
of the heating element, renders the selection of 
materials for the heater a very serious problem, 

The standard heater is made up by simply winding 

a thin porcelain tube with fine platinum wire and later 
embedding the wire with a coating of refractory cement 

in order to protect the platinum wire from the intense 

heat of the glowerse 

THE CUT-OUL. 

The development of a satisfactory 
electro magnetic cut-out for the heater circuit, which 
would fulfill the duty imposed upon it by practice, 
was not as simple as it vould appear to be on first 
thought. The type finally perfected is a combination 
of gravity and magnetic action, in which gravity acts 
at right angles to the magnetic force. The cutout 
armature forms a part of the heater circuit and closes 
the heater circuit by the action of gravity through 
graphite contacts when the glowers are below the point 
of conductivity. When the glowers once take current, it 
passes through the winding ad, when magnetic pull 
exceeds the action of gravity, the armature is suddenly 
drawn and held in & neutral position by means of an 
air gap of constantly diminishing width. 

Having briefly reviewed the 
features sought in the design of the elements of the 
lamp and also outlined the important phases of their 
menufacture, e more intimate study of the character- 


istics and interesting phenomena presented in the 
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operation of the elements will be in order. 


GLOWER TERMINALS. 


In the Nernst glower one of the éiffi- 
cult problems emcountered is the production of a suitable 
electrode or terminsl, which fact will be appreciated when 
it is borne in mind thet the light giving portion of the 
glower operates at a temperature of approximately 2100 deg. 
Ce 

The glower material is often supposed to 
be a solid electrolyte which is probably not true, since 
it doss not conduct like a true electrolyte; thet is, with 
a fixed decomposition et the electrode for each coulomb of 
electricity that flows. Neither does the elowr conduct 
like a metal because its specifie conductivity varies eas 
@ complex function of the tempereture. Somewhat of e com 
perison may he made with carbon, but even a great difference 
in the two is present in the conductivity of the cold glower 
and cold carbone 

Since electrolytic decomposition of a 
glower is comparatively slight, especially in the alternating 
current type, it is probable that terminel complications ere 
due to thermo-electric causes and also to a large extent in 
the chemical and physicel properties of the highly heated 
materials which form the terminals. 

The properties for consideration in this 
regard may be classed roughly as follows:- 

1. Electrolytic decomposition. 
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2. Chemical affinity of heated glower oxides 
and metal employed in the terminal. 
3. Impurities in glower material or metal. 
4. The physical properties of the oxides and 
terminal metal, such as 
(a) Mechanical strength. 
(b) Fusibility. 


(c) Conductivity for heat end 
electricity. 


(a) Difference in expansion. 

(e) Vapor pressure. 

(f) Adhesion 

(g) Cohesion 

(h) Porosity of Oxides 

(i) Gaseous Occlusion 

(j) Liberation or absorption of 
heat due to an apparent contact potential difference 
between the heated glower oxides and the metal of the 
terminal. 

Pure platinum has been found to be 
the only metal suited, and then only by special applica- 
tion, for terminal purposes. Platinum has for its chief 
impurity the metal Iridium. Since the alloys of iridium 
and platinum have higher melting points than pletinm 
alone, it would at first appear that such alloys would 
meke a good terminal, or that to use even iridium for a 
terminal would be an advantage. The difficulty with 
such alloys md iridium is that it has e very much higher 
vapor pressure than pure platinum and conseqwntly rapidly 
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vaporizes away. In the case of an alloy the iridium 
will vaporize out from the platinum end leave the letter 
very brittle, unless thetwo are in a molten state. It 
is, therefore, the best practice to use only pure 
platinum for 211 glower terminals. 


"HANKS" TERMINAL (Pig. 1) 


Some extremely interesting 
phenomena produced by the forces of adhesion, cohesion, | 
and surface tension exist at the temperature of molta@m 
glower material and molten platinum and when platinum 
and glower material are brought together in the electric | 
are, a bead of oxide forms and a small pellet of pletinum 
is sucked and embedded in the glower material; the | 
latter almost totally surrounding the platinum. In | 
cooling, the shrinkage of the platinum is slightly | 
greater thar thet of the glower oxides, as is evident frou 
the fact thet, & little depression is formed in the 
platinum at the end of the bead. The adhesion of the 
platinum for the glower meterial is sufficimt to give | 
@ good contact between the platinum end the oxides. thereal 


appears to be little or no chemical affinity of the ox- 


ides for the platinum under operating conditions in 4 
the alternating current glower. The temperature of the 


terminal when in service is near to the fusing point 


when the glower is in operation if tension be applied 
to the glower. Slight differences in the expansion and 


; 
; 
of platinum for a lead wire my be pulled out of e bead 
7 
contraction of the two materials show no bad effects. | 


{af} 


aythttt edt yofis xsto saeo edt nl .Yyews seatroqsv 
xoftteal eit eveel 5ns ammiteiq edt mort two ogtrogav [{[iw 
$I .etete setiom « at ors owtedt aseaclan ,eltitad prev 
ewq yimo eas ot eoltoaiq daod edt ,etotetedd tft 

«sient wre? towols [fs toi munitelg 


(T sgt) Lame: "22a 


gutvgexvetat yLometdze omoe 
emotsedoo ,motsedis to asouct ed? yd beombo tq smemomedq 
ro tlom to ewmtenequet edt to tatxe gotenes sostise bas 
myaitseiq medw ins aumbtal¢ metiom bas Letretan towolg 
otrtosle edt at tedtegot idguond sae Ic trotan tewolgs ins 
muctisiq to teLfeq [fem 2 6a8 eardl ebixo to ised 2 ,ot 
edt ;[ettetea sewolg oft at Sebdedue Sue bextowe sf 
al .mmuottelg oft geibavoume yYlietot tacmis vetisl 
Uisdgife at auatisic edt to egeinixia off ggmifooo 
mort taebtve at ec ~eebixo sowolg ort to tatt nedt t08etse1g 
edt of Bemxot et soteaenge’ sltdti s ytadt tost edt 
edt to motaedés ef? .bsed of f to fro ont te guettelq 
evis of twmiottise at Letretam 1ewfs od? 10t avaitelq 
ated! .eehtxo edt ne muntdala od? moowted Sostmoo boog 2 
-xo edt to ytiattte f[eotmedo on to ofttil od of exrs]qqs 
at amottibnoe griteveqo rebar munttelq odd tot aebt 
ott to exstereqmed off .towola taetxwo gritarretis edt 
tatog satevt oft o¢ t@aax ait eoltvres al aedy Lent wxet 
beed s to tuo SeLIsq od yan exhy beef s tot apmttsiq to 
betiqgs ed sotaset tf moitereqc aft et tewolg ext aoriw 
bag cotameqxe add ot aeonerettib tdgtic .sewols odd of 


.atoetts bed om wone alstretsm owt edt to sottsarinoo 


(19) 


There is comparatively little trouble arising 

from loss through vaporization because the platinum 

is almost entirely enclosed, but in case vaporization 
should form a cavity in the bead, it would be serious 

and show in the form of excessive voltage rise which would, 
no doubt, be erroneously @ascribed to the properties of 
the oxides. 

The conductivity of the glower meter- 
ial in the terminal bead varies widely on account of the 
different temperetures of various portions of the bead. 
The greater part of the current appears to pass to the 
glower string from the nearest portions of the embedded 
platinum, while the glower material surrounding the sides 
of the bead seems to act merely as a protection to the plat- 
inum. In view of this action, further protection of the 
terminal by the application of paste is unnecessary. 

The Hanks terminal is om of the best 
terminels ever produced for elterneting current service, 
but, by reason of its limitation to string of the rod form 
end low current capacities, and also the appearance of 
glowers in tube form, employed in lamps of improved 
mechanical design, this terminal is now obsolete. 


NERUST TERUIMAL = (Fig. 2) 


The "Nernst" terminal consists of a 
bundle or cable of fine pletinum wires wound around the 
glower, the ends of the cable being twisted firmly together. 
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The entire connection is then pasted with a cement of finely 
powdered glower string, which prolonmgsthe life of the 
terminal by preventing the air from coming in contact with 
the highly heated platinum end elso aids in holding e firm 
contact between the cable of small wires and the glower 
strings When the wires are exposed to the air, a volatil- 
ization of the platinum hearest the heated portion of the 
glower string, gradually goes on and results in an increased 
length of the glower between the terminals with a correspond- 
ing voltage rise. The terminal, no dowbt, runs at e higher 
temperature since the strands of wire in contsct with the 
glower material have only line contact with adjoining wires. 

The Nernst terminsl is applicable 
for direct current glowers and it is here that electriysis, 
if present, shows in electrode effects, being chiefly at the 
negative terminel. A blackening occurs in the glower string 
which starts at the negative terminal and increases in dis. 
tance end magnitude with service. The cause of this phenon- 
enon may be ascribed to an electrical progection of part- 
icles of pletinum from the negative electrode into the glower, 
amd is the esse of a shorter life for direct current glowers. 

This effect produces a weakness at two 
places; the one being very close to the junction of the 
darkened glower with the metal terminal while the other is 
at the limitation of the darkened portion of the glower 
string. The weakness is probably due, either to vaporiza- 
tion of platinum from the glower, leaving the string ina 
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more or less disintegrated form, or to a reduction of 
strong glower oxides to weaker sub-oxides. The diffusion 
of platinum occurs more rapidly when ea glower is operated 
below its normel temperature. 


There is furthe more an apparent 


contact potential difference between the platinum and 
the glower oxides, such that the current in passing from 
the platinum to the glower liberates heat and in passing 
from the glower to the platinum absorbs heat. It is 
because of this heat liberation end absorption that the 
positive and negative teminals operate at widely differ- 
ent temperatues; the latter operating at approximtely 
1100 deg. Ce, whilé the former operates at approximately 
2100 deg. C. When this terminel is used on alternating 
current glowers, the rapid reversals of current tend to 
equalize the heating effects and the total thermal effect 
is such as to keep the terminal cool. 
BAND TERMINAL (Fig. 3.) 

The band terminal employs a stirrup 


EE 


of platinum which fits over the glower string so that it can 
be fused down into « solid bend. There is no tendency for | 
this band to slip off from the glower, as the adhesion of 
this fused pletinum to the glower string is very great. | 
This type of terminal has all the characteristics of the 
Nernst teminal in improved form and has many superior 
points over the other types from the manufacturing view- 
point. 
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Although several hundred forms of 
terminal have been developed, only the last two men- 
tioned are employed in the manufacture of glowers at 


the present time. 


STUDY OF GLOWER. 


A close study of the heat conditions 
which are present in the glower terminals will no doubt 
be of interest, and it is certainly evident to an 
observer that thermo-electric principles apply to the 
phenomena taking place in the glower. The ordinary 
equation for thermo-electro motive force is: 

B= sa t+ +2 
Which gives upon differentiation 

@Exzsadct+pbdt 


Q is taken as the rate of rise or the 
ratio of increase in E.M.F. to increase in temperature, 


a at #bt at 
and thusQ = ~~ ye + #&3= a + bt. 


Associated with thermo-electric 
principles is the so-called "Peltier Effect", which is 
simply the inverse of the formr. Thus if a current 
flow from copper to platinum, "there will be libereted 
at the junction of the two metals, 9 x 107* calories 
per coulomb. 

If Py is equal to the heat liberated 
at the cold junction, and Ty is equal to the temperature 


of the cold juntion, ana PB equals the heat absorbed at 
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the hot junction and Tp equals the temperature at the 
hot junction, then, if W equals the work done per unit 
flow of current 
v” 1. = eS CUD 
Sa 

but, since work is equal to EC and C is “a W, 
therefors, is equivalent to E and E equals ( 1 =) "7. 
An inspection of these equations will show that they 
are similar to those deduced for the work done during 6 
reversible hest process involving adiabatic and isother- 
mal expansi one 

It will be noted in the equation for 
E thet while E must equal Zero when Tp =Ty; it does 
not follow that P; and Pp, must equal Zero for Pj and 
Po must equal the Zero for Py and Pp vary with the 
current. When current flows through the junctions end 
Tt and Tp have an eppreciable differenve between then, 
EB becomes real and effects a subtration of heat at the 
negative and sn addition of heat at the positive, be- 
cause the E.M.F. must result from the absorption and 
liberation of heat at the terminals. 

When the negative electron theory 
is considered, some interesting results can be deduced. 
According to the electron theory, electricity through- 


out the circuit is conducted by means of smell negative 
electrons which are projeeted through the materials 
bd 
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of the circuit. Where the platinum joins the glower 
material, the platinum electrons will tend to go into 
the glower and travel far enough to meet a glower 
electron and repel the latter on its way, tle energy 
of the former being given upe At the positive end, 


it would seem that glower electrons would attempt to 


enter the platinum of the terminal, but since pletinum 
is much more dense than glower material, electrons would 
not have to trav6l very far before they would mest a 
platinum electron and send it on the wey. 

Physically, we have direct evidence 
that platinum enters the glower at the negative termin- | 
el, but it is not known if glower materiel enters the 
platinum at the positive. It is thus reasonable to 
conelude that glower materiel is electrically permeable, 
while platinum is quite dense. It may also be thought 
that platinum is very rigid and when the glower 
electrons strike it, the tendency is to volatilize 
portions of platinum lying to the side of the point of 
contact of the electron. 

If blackening is a feature of the | 
Peltier effect, then, since P, end Pp vary as the 
current flowing and the heat varies as the watts ex- 
pended in the glower, then es watts equal EC and E 
diminishes when C decreases, the ratio tz 4 Pe 


Wette Watts 
is greater and more blackening can occur. 
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There may also be a curve of glower 


permeability to negative electrons, which gives the 


permeability for any temperature et which the glower 


may operate. 

The foregoing principlesmay be 
epplied to explain some of the peculiar actions 
which occur in the use of the glower. 

When the glower is operated on 
a circuit of twenty-five cycles, the life of the 


glower is somewhat shorter than on greater frequencies 


end the failure of the glower alvays occurs et the 
junction of the terminal and glowere The cause 
of this can possibly be assigned to the blackening 
and the subsequent reversal does not completely 
Change the glower terminal back to the original 
comition, so that strains sre introduced and fail- 
ure results. It is not difficult to imagine that 
such a terminal could consist of an amalgamation 
of glower and platinum electrons, the platinum 
becoming more in evidence the farther one gets 
toward the platinum lead. 

In contrast to the above, it has 


been found that the Slower fails at a point just out- 


side the platinum terminal on high frequency. This 
mey be ea partial result from high temperature but 


the junction effect scems more probable, in view of 


the absence of the effect under some conditions when 


the terminal is equally hot. It car be assumed 
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that when first the glower electrons encounter 

platinum electrons, the latter are ina zone of heat 

and will be more or less movable am respond by 

changing their position sideways, but at other places 
the temperature of the platinum may be such thet the 
metal is rigid and the impact will find no elasticity, 
so that the platinum will be exuded from the surface 

in the form of a mass of fine particles of ea spongy tex- 
ture. 

On direct current the positive 
terminal gradually accumulates this spongy mass and 
according to this theory, it is done in the following 
me mers~ 

At the negative terminal the platin- 
um electrons flow into the glower proper, absorbing 


heat nd liberating electricity. At the positive 


end the glower electrons attempt to enter the platinum, 


but at that point upon the platinum terminal where the 
heat is sufficiently small for the platinum to be 
comparatively rigid, a platinum sponge will be forced 
oute 

SOME UNUS P. 

When é€ direct durrent glower begins 
to take current, a sharp division line between a bright 
er and a darker portion of the glower moves from the 
negative terminal towards the positive. Ata position 


ebout midway between terminals it disappears, being 
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lost in the flood of light emitted by the rapidly 
lighting glower. By operating the glower at a much 
lower temperature than normal, the dividing line moves 
more slowly and for a greater distance. 
PECULIAR DIALECTRIC PHENOMENA:~ 

The highly heated air in the ime diate 


neighborhood of e glower when in operation is conducting 
in e peculier mmner and is properly classed as a "Neg- 
ative electrode phenomena". At the anode there is a 
libera*ion of heat and at the cathode there is an absorp- 
tion of heat, md so great are these thermal effects 
thet an anode of pletinum which melts at 1760 deg. C. 

mey be melted while a cathode of silver, which melts eat 
960 deg. Ce will remain solid. 

The metal of the cathode is absorbed 
by, or possibly projected into the glower toward the 
annode, for the presence of silver, platinum and other 
metals has been detected by chemical analysis of mter- | 
ial taken from e point at considerable distances from 
cathodes consisting of those metals. 

This peculiar effect may best be 
illustrated by the simple experiment of exploring the 
air with an electrostatic voltmeter, and by this me thod, 
&@ distribution of conductivity approximating that shom 
in Plate #2, Fig. 4, in which the shaded lines perpendic- 
ular to the axis of the glower represent the magnitude. 
With @ 200 volt glower in operation and 2 voltmeter 
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rigidily connected at the positive end end a freely 
moving "exploring wire" at the negative, a deflection of 
50 volts is easily obtained et e distance of 3/32" from 
the negative electrode. The effect is more pronounced 
as the temperature is increased. If the voltmeter wires 
are inverted, that is, with the positive wire free to 
explore, no deflection is observable, notwithstanding 
the fact that the terminal temperature is greater in thé 
combination, and hence, it is apparent that it is not 
beceuse of high temperatures that the air is conducting. 
Alternating current shows the 
effect in a more forceful way than the case previously 
reviewed. Electrostatic instruments show leakage from 
both terminals, but thet from the negative is always 
the greater in magnitude. It is possible to sedéure 
indicated deflections higher in value then the effective 
voltage as, for example, from s 200 volt glower it is 
possible to -et a value up to 250 volts through the 
surrounding air. This is no doubt due to a unidirection- 
al charge, for the static charge is received during the 
helf-cycle when the exploring wire is near the momentary 
negative electrode of the glower, and a charge received 
from the "peak" of an alternating wave cannot leak off 
rapidly. These particular conditions for high deflec- 


tions are similar to those present in unsymmetrical alun- 
inum electrolytic condensers. 
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GLOWER FORM:-- 


Glowers, in the solid or rod 
form, sre limited to use for comparatively smell 
currents, due to the fact that the center of the 
string is operated at such @ high temperature as to 
melt the material. For higher currents, therefore, 
other forms, such as tubesy are used in order to 
secure » thin wall of material which has a nearly 
uniform temperature. Special forms which may be 
compact and yet do not have all the material in active 
contact, may also be operated on high current. 

In the latter form, it will be 
noted (Plate 2 ~ Fig. 5) that the path for current 
through the central portions of the glower (A) is 
much longer then the path (B) along the surface. 

These conditions of current distribution are self. 
compensating, for, while the path at B is short, the 
resistance of the glower material is higher because of 
the cool surface. Since the glower materials are 
subject to appreciable chenge after a definite temper- 
ature is reached, it is desirable to operate the 
Slowers as close to the limit between temperature and 
vaporization &S possible. Otherwise, the hottest 
part of the glower would be just below thet limit ena 
the relatively cooler portions must, therefore, be 


operating at a temperature which igs below maximum 
available efficienoy. 
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STANDARD GLOWER CHARACTERISTICS 
Effect of Glower Length and 


The active length of glowr string 
has @ very marked effect on efficiency of short glowers 
and but little effect on long glowers as shown by the 
curves on Plete #3. To illustrate, the normal lencth 
of a 100 Volt glower is 1.0 om., so that a little 
varia ition would be a high percentage of total length 
end hence affect efficiency. The normal length of 
the 220 Volt type glower is 2.4 em., which is the 
standard length of string for die tests, for- as will 
be noted on the curves, at these lengths, efficiency is 
affected comparatively little. 

In the operation of selection of dies 
referred to in the review of the manufacturing process, 
a set of curves is obtained as show by Plate #4 with 
glowers whose length is 2.4 cm. The die to be selec- 
ted, for instance, for squirting a stock lot of .5 ampe 
flowers, whose initial efficiency is to be 1.5 watts 
per Mean horizontal candle power (of the bere glower;) 
would be Die #82, since on the meterisis used, no 
die gives the exact figure desired and the one selected 
is the nearest approach on the increasing side. In 
the curves shown, it is evident thst Die #83 is worn, 


for the efficiency of string made through it is not in 
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ratio with increased diameter. 

For a given current density in the 
glower, there is a definite relation existing between 
tempe rature and in turn a definite relation to effic- 
iency and intrinsic brilliancy (that is, Candle power 
per unit surface.) as will be noted by analysis of 
Plate #5. In general, it will be noted that as tempera- 
ture increases by a rise in current density, the brill- 
iancy and effic iency,et a point where the current approach- 


es normal operating value, increase ad a rapid rate. 


SHAPE OF CHARACTERISTICS. 


The generals hepe of the glower 
characteristic changes with the proportion of oxides 
employed in its composition, so that the various combin- 
ations of glower mix will reach the crest of the 
characteristic at various efficiencies. ‘Such relations 
will be apperent by a glance at Plate #6, where propor- 
tions of 19, 11, 9, and 4 of Z oxide are combined with one 
of Y. The predominant features are strikingly shown and 
the curves indicate that for commercial starting time and 
efficiency, it is desirable to use a ratio of somewheres 
near 9 to 1, and it will also be noted that the glower 
made from such e mix has electrics] stability since the 
crest of the curve is approached gradually «md no marked 
chenge occurs immediately thereafter. Points of equal 


efficiency are indicated by the small circle on each 
curve. 
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Not only does the glower mix hee 
affedt the voltage-life performancem ss shown by Plate 
#7, but elso the physical properties such as coarseness 
of the materials, and the presence of other impurities. 
If the glower starts at a lower specific resistance than 
normal and heé © rapid voltage rise, it indicates the 
presence of some easily volatile metal so thet as the 
impurity is volatilized away, new the voltage becomes 
gradually that of the pure glower combination. As 
an illustration, alkali will be present for only a few 
minutes, causing very rapid voltage rise for the duration 
of its presence, md then a glower will show only its 
inherent rise of voltage thereafter, while impurities 
like Silica and alumina create a great rise for a 
long period of life. 


GLOWERS IN VARIOUS GASES 


A great emount of investigation has 


been carried on to determine the influence of various 
gases on the performance of the glower, and it hes all 
demonstrated that the air is beneficial to the operation 
of a commercisl glower. 

The characteristic of the Nernst glower 
when operating in the open air is given in Plate #8, ana 
@lso when operating in vacuum under like conditions with 
the corresponding point of normel watt efficiency es noted 
by the circle. Aside from the fact thet the vacuum hes 
shifted the point of normal watt efficiency to a much 
lower voltage and higher current density, it will he 
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observed that all the points now lie on one side of the 
crest so that a decreasing difference of potential re- 
sults in an increasing current. ‘Such a condition involves 
the use of a very large percentage of steadying resis- 
tance and has thereby lowered the available efficiency of 
the glower. 

Plete #9 shows the nitrogen curve with 
corresponding air curve, and it will be observed that 
this gas mkes the glower behave similar to the vacuum, 
but the effect is less noticeeble. 

Plate #10 shows the corresponding attion 
of a glower in hydrogen and oxygen as compared with the 
curve in open aire It is here very interesting to note 
that the oxygen and air performance are very much the 
samé, while the hydrogen curve shows a character very 
similar to that of the vacuum and, like the vacuum, 
requires e relatively lerge steadying resistance. 

Plate #11 shows a very interes ting 
phenomenon connected with glowers operating in e medium 
free from oxygen and which is the most pronounced when 
opersting ina vacuum. Where oxygen is excluded, the 
glower becomes sluggish and responds very slowly to sny 
change in line voltage. The upper curve shows the 
change in current value with time, while the lower curve 
shows the corresponding change in voltage during the 
same interval of time. It must be borne in mind, in 


this connection, that the glower will respond almost 
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imme diately in air to similar changes in line voltage 
and remain constant. The slight change in the vacuum 

curve after the first minute is possibly due in part 

| fo the temperature correction of the resistance in 
series with the glower. 

The relation of the ballast to the 
glower is very intimate, and before considering the 
various elements which influence its design, it will per- 
heps be well to consider the following remaining pheses 
of the combination since the action of the glower is the 
determining feature. 

INFLUENCE OF FREQUENCY ON VOLTAGE 

It has been considered at times thet 
frequency effedted a change in voltage over 2 glower 
but results, es follows, show conclusively thet the 
voltage of a glower is not dependant upon the frequency 
of the circuit.e 


Glower Fi 


Volts 
72000 Alt. 3000 Alt. 


1 192 65 192.5 
2 192.5 193.0 
3 190.5 190.5 
4 191.3 191.2 


LOCATION OF P.D. CHANGE 


By exploring voltmeter wires attached 
to various portions ofe .4 ampere D.C.glower, en idea 
can be obtained of the numerical megnitude of the losses 


due to ell causes before outlined. The readings given 
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are over portions of a glower as indicxted by Fig. 6 
in Plate #2. 
Volts 


p Ve Vn 


< 
© 
— 


eee 


10 Min.: 203 -- 29 -- 154 -- 20 

lhr : 197 -- 28 -- 149.5 - 19.5 
25 " : 189 -— 27.5- 141.5 - 19.5 
50 " : 188.5 -- 29 -- 139 - 20.8 
100 " : 188.5 -- 29 -- 140 - 19.6 
200 " > 190.5 -- 31.5- 140 - 19.0 
300 " : 192.0 -- S32.5- 147.5 - 12 


TERMINAL LOSSES ON VARIOUS FREQUENCIES 
The watts lost in the terminsls of a 


glower will be proportionel to the difference in voltage 
between the glower and the external side of the terminal 
(or Vg - Vg in Figs 6 - Plate 2) and in an A.C.glower 
these readings are carefully obtained on verious 
frequencies with ea constant watt input with en averege 
result of 5%. Volts on 25 cycles up to 57.4 Volts on 
133 Cycles. This indicates that the losses are approx- 
imately ecuel on 811 frequencies; with a tendency toward 
slightly greater losses at the higher frequenciess 
VOLTAGE OF GLOWERS IN AIR AND LAMP 

When glowers are used in large lamps 
there is an accumulative effect which reduces the voltege 
required to pass normal current through the lemp, the 
emount depending upon the inter-heating effect of several 
glowers when operating in proximity with each other, amd 
therefore, the voltage of the glower, as determified in the 
free air, is greater as the size of lamp is increased, 
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as follows: - 6 glower, 18 Volts; 3 glower, 16 volts; 
2 glower, 13 volts; Single glower 3 Volts, and ere 
applied to lamp voltages as indicated herewith: 


Bumber of glowers 6 3 2 1 
Lamp Voltage 220 220 220 220 
Ballest 20 20 20 20 
Cutout “& 3 3 Ss 


Glower voltage in Lamp 196 197 197 196 


Difference between Glower 


Voltage in Air and Iemp 18 16 13 3 
Air Voltage of Glower 
required 214 213 210 199 


GLOWER VOLTAGE ON A.C. OR D.C. 

When & glower is opersted on direct 
current the required Voltage is less than on Alternating 
current, and the difference is always at the negative 

terminal, there being little or no difference at the 
positive end. A difference as great as 6 volts is 
sometimes observed, not only over the negative terminal, 
but also apparent over the external terminals, amd 
Since life tests are operated on sample glowers from 
eech lot manufactured, the difference is accurately 
determined for each lot and subtratted from the nominal 
rating, which is performed on Alternating current only. 


BALIAST 


The advantage t be gained by the use of 
a steadying resistance Which would enable th 
be operated efficiently 
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at a point on or beyond the cret 
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in the characteristic air curve will be recognized 

by careful analysis of Pletes 8, 9 and 10. In order 
accomplish this under 211 conditions of commercial use 
and with as little loss as possible under normal con- 
ditions, the s teadying resistance should have as large 

a positive temperature correction as possible, and, 
furthermore, the correction should always be inmedictely 
aveilable. To illustrate, if a glower were operated on 
or beyond the crest of the curve, th current could 
obviously be controlled by «= large steadying resistame 
having no temperature coprection, but such resistance 
would very mterially decrease the net efficiency oftlk 
glowere On the other hand, if the resistance hes a high 
tempereture coefficient, the necessary steaiying resist- 
ance under normal conditions may be very much less than 
when no correction is present, in which case, should thee 
be en increase in voltage above normal, tle corrective 
power of the resistance would be brought into play to 
check the t endency of the glower to take abnormal current, 
or, in other words, it would take up the sdditional volt- 
ege.e. As already stated, however, the temperature cor- 
rection must be immediately available, for if it were 
not, the glower would "shoot over its crest", when light- 
ed at a pressure above normal; that is, take more current 
at the start than it would « little leter after the temp- 
erature correction of the resistence head asserted itself, 
end if this over-shoot were too great, would probably 
flash out. This would also apply to any sudden increase 
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in voltare applicd to the glower, unless the corrective 
power of the resistance were immediately available to 
check the flow of current. 

The resistance employed in the Nernst 
lamp, termed the "Bellast", is unique in construction and 
meets the peculicr requirememts of the glower in e very 
effective manner. Iron wire is tised on account of iis 
high temperature correction and by properly mounting this 
wire in @ small tube filled with hydrogen, a ballest with 
high corrective power can be wrked at hich temperatures 
without danger of destruction and with a loss of only 10%. 
As iron varies in resistance with increase in temperature 
in e variable ratio and hydrogen seems to steepen the curve, 
the resulting typical bellast characteristic appears as 
shown in Plete #12, and applies to bellests of any capacity. 

The portion of the ballest curve vhich is 
utilized has the greatest bearing on the stability of the 
lamp, the percentage of ballast resistence required, md 
the life of the bellast. If the working normel is high on 
the curve, © large variation in voltage means only 2 smell 
change in current and the glower will be almost unsffected 
by 2 large rise in voltage. In this event, the ballast is 
operating et a high temperature and e high rise in voltage 
makes an uncertain life. 

The design of & bellest is rather a aif. 
ficult metter and no exact formula has, as yet, been devised 


which will hold true. An approximation upon which to base 
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eter of the wire in millimeters will be epproximately one 
tenth of the desired current in amperes, and that the 
total active length of wire shell nearly equal the volts 
drop and yet not exceed two watts per square inch of 
superficial area, since the specific resistance of the wire 


is governed by the watts absorbede 
The requirements of Bellast design are: 


1. Consumption of rated voltage at rated amperes. 
2. Stability end long life. 

3. Non-sluggishe 

4. Size and shape of bulbe 

5. Mechanicel strength. 

Sluggishness is the property of a bellest 
which necessitates a time element before the current 
assumes a notmal operating condition and to minimize it 
is the most difficult feature of bellest design. A 
ballast when operating et air temperature will reouire 
only a low percentage of voltage required when hot and 
when current begins to flow through the glower, the ballast 
correction can only be made. 

The iron wire is mounted in the ballast 
in the form of coils by stretching from the top of the 
mount to the leading in wires and by ranging the pitch 
between the turns, we are enabled to raise or lower the 
temperature end thus adjust not only the current, but also 
the percentsge characteristic. After exhaustion of the 


bulb, the ballast is treated with hydrogen, carefully 
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purified, and while normal voltage is impressed upon its 
terminals, it is sealed off. in this manner of sealing 
off, the pressure of the hydrogen is equal to that of the 
atmosphere only when in operation; this being desirable 
since the glass will then not have a tendency to dis- 
figure its contour, should it become soft from exces- 
sive heat while on an overload. The quglity of the hy- 
drogen mst be very high in order to insure uniformity 
of performance, and mst be absolutely free from the 
Slightest trace of moisture. 

The characteristic of the ballas+ is quite unaf- 
fected by small variations in pressure of the hydrogen 
and is an admirable quality from the manufacturing stand- 
point. 

important factors entering into the temperature 
and hence characteristic of the ballast are:- 

1. Absorption of heat due to specific heat of 
the materials in and adjacent to the ballast. 

&. iLron wire 

B. Hydrogen 

C. Glass and adjacent parts. 

2. Heat Dissipation. 

A. Conwfection 


B. Conduction 
Cc. Radiation. 
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These factors have particular reference to the 
sluggishness, and in the case of the latter factor, the 
rate of heat dissipation is greater for a certain tempe- 
erature at the start because of the lower temperature of 
& lamp body. Siluggishness may be reduced in several ways. 
By constructing a naturally ventilated lamp body so that 
the temperature of the lamp body is always relatively low, 
the main cause for sluggishness will be in the specific 
heat of the iron wire. The amount of heat required to 
heat the iron wire from atmospheric temperature to that 
of normal operation can be readily seen by an example: 

In an .8 ampere 110 volt Ballast, the cold re- 
sistance is 3.5 ohms and at normal temperature is 12.5 
ohms with .00873 grams of wire. Assuming a specific 
heat of 1.3 and a temperature rise from air as 400 dege 
C, then the energy absorbed, because of the specific heat 
of the wire, will be .00873 X 1.3 X 400 equals .454 germ. 
cal. But the current, in a non air cooled ballast, is 
approximately 40% over normal for an instant, so that 
watts expended at gue ses 

(.4X 1.4) X 3.5 (C R) equals 1.1 watt., and 
since 1 watt represents .254 grw. cal., at this rate of 
dissipation, the ballast wire will be brought up to nor- 
mal temperature in_. or 1.62 seconds. Hence this phase 
of the subject, after all, is not as important as would 


be at first supposed. 
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An absolute view of the subject is hard to ob- 
tain, for as specific resistance rises,the rate of ex- 
penditure of energy in the ballast also increases. At 
the same time the specific heat of the wire increases, 
and a great portion of the heat will be dissipated by 
conduction and confection until the ballast comes al- 
most up to normal temperature. 

That the ballast makes a small change in the wave 
form of an alternating current is of interest. It is due 
to the rise in specifie resistance of the iron vith rise 
in temperature so that the maximum voltage has to overcome 
a slightly larger resistance than does the lower values of 
voltage. 

For instance, an .& ampere, 110 volt ballast which 
consumes 8 watts and a normal resistance of 12.5 ohms. If 
the resistance were conéfant, the maximum current vould be 

C max equals 1.414 X .8 equals 1.131 ampere, 
or energy Wiuld be put into the ballast at this stare at 
the rate = (1.131) x 12.5 equals 16. wattse as arainst 
the effective value of 8 watts. 

But specific resistance may be assumed to vary as 
r equals r, ( 1 plus -01t) 


or fr equals 2.08 { 1 plus .01t) #f 500 der C is the ten- 
perature corresponding to 12.5 ohms. 


The energy will be expended in dissipation and 
stored up as specific heat in the iron vire, for the perio- 
dicity is too high to have an effect from the specific heat 
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of the walls and mount, etc., as the temperature rises, 
conduction will vary as the rise and confection whll do 
so approximately, while radiation will vary as the fourth 
power of the temperature. Confection and conduction are 
Sluggish and hence act to insulate against an immediation 
discharge of heat. 

in ons there will be expended f or a _watt 
second or .0333 joule or .0082 gram Cal. With specific 
heat of .2, this means that .00873 (weight) X.2 equals 
.0001746 gram. Cal. is required per defree cent. rise in 
temperature, so that in case all the heat, expended in one 
quarter cycle were given up to the wire, its temperature 
would be raised .0082 divided by .000175 or 46.8 : Cc. 
However, only a very small portion of this rise is pos- 
sible because of the heat being continually dissipated. 

In connection with a glower, assuming the slower 
of constant resistance during a cycle, there would bé a 
total of 12.5 ohms ballast plus 125 ohms in flower or 
137.5 ohms. in case the ballast would use 30° U, the 
resistance would be 

2.08 (1 plus 5.3) equals 13.1 ohms. 

Hence . max. must overcome a resiatance of 125 plus 13.1 
or 138.1 ohms, thus reducing C max by approximately .4 of 


1%. 


As a matter of fact, the vallast wire does not 
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vary more than & C on 60 cycles as determined by operatine 
a dise with an aperture in synchronisn, in whichcase only 
a faint change in color is noted, and since luminosity of 
the hot body varies as the 16th power of its absolute tem- 
perature, a very small change could be thus detected. 
Again specific heat tends to prevent a rise im temperature 
by the ereater amount of heat to be stored. 

The ballast, although primarily an element of the 
Nernst lamp, promises to become a more widely used piece 
of apparatus in all cases where a constant current is de- 
sired for varying voltages. It could be applied in el- 
ectro-chemical work, railway work and the sensitive re- 
gulation of circuit breakers and generating machinery. 

Having stidied the characteristics of the two 
elements, ie., glower and ballast, separately, it is of 
perhaps equal interest to watch their performance vhen 
combined, as is necessary to operate a lamp, and a re- 
view of lamp performance is in order. 

Plate #13 shows the typic&él performance of the 
lamp as a unit and is self explanatory. The ballast 
characteristic, it will be noted, affectivély determines 
the nature of the lamp curve for all values of current 
above normal. slate #14 shows the typical voltage wat- 
tage performance of the lamp- it must be borne in mind 
that the wattage of a Nernst Lamp is voltage at vhich the 
lamp is normally operated times the rated current. To il- 


lustrate the application of this characteristic curve, in 


faa 

nitetsyo ud fentrreteb 25 aseloyo 0a mo 2 - fads stom yrsv 
yino esacdotd: at ,maitnordeny? at stutteqs ne dttw oath s 
to yttsontmsl sont2 bas .hstonm 2! tofoo at esnaede tatet a 
-ist otsloads wt to twevoq Atal oft a2 sebtav Ybhod tod edt 
-betoateh and* od b{soo samedo [fame yisv 2 ,etataneq 
siutaroqmet af entt g *mevenq of ehmet teed ofttoere afepA 
-botote ef ot teed to tawome tedsorn oat yd 

odt to taamefe ne qlixesteq dgsodtie ,tasfied af? 
soeiq bean Ylebta stem 8 emooed ot aectmor: .qwal tantell 
-ob at tnettuo tanfanoo 6 etegiv eomeo Ife at auteneqqs to 
-f9 st betiqas of timeoe tL ,segmtLov gakyrev sot bette 
-ot ovittesen oft San drow yorltet ,atow Seolmede-orsoe 
-Tretidosa sattevemes bas etesizetd tigerte te mottal ss 

ovt oft to sottatreteateds edt bethete gnivell 

to at tt ,yleteveaqes .tealied tae tewnds ,..o! ,atnemele 
ced: eonamrotved ttedt aster o¢ festetat Lagos aqadreq 
-et s ins ,gmel 2s stereqo of Yreseooom at ae , benkdnwo 
«tsixo af at comsmrotieq quaf to vetv 

ait to somamrotteq L#etqy? edt awore 82 etalt 
tnalfed ed? .qtotemefque tien of tae dias « ea quel 
sentrretebh ghevitestts , befor of iftw tf ,of?ettetostado 
trowrse to eem.ew [is te? evewo ome ent to etetan ont 
-tev enatiov faotqyt aft ewode M4 etef. .Zemron evode 
bata xt omrod of tam #1 -quel ot to comarrotreq eget 
ott dofdy te egetiov st quad tantell e to enettaw edt stadt 
-lt of .tretrso hetar oft semtrt betereco yllamron at quel 
ci ,.Jw1no oftarretostado std? to mottsotiqgs edt etettanl 


(45) 
& 3-gl. lamp 1.4 ampere per glower) the normal wattage on 
Say 225 volts normal, would be 270, but when this lamp is 
Subjected to 236 volts, the voltage is 105% and from the 
curve, 113.4% wattage, or 306.5 watts. 

Plate #15 shows the relation between voltage and 
efficiency and rlate #16 that between voltage and Candle 
Power. These curves are self-explanatory, except, per- 
haps, to emphasize the remarkable steadiness in candle 
power in the Nernst lamp when operated above or on vary- 
ing voltage and is due to the great connective power of 
the iron ballast. Circuits of 25 cycles alternating 
current, or thons which the voltage fluctuates very 
rapidly give no appreciable variation in candle power. 
The former condition due to the fact that the specific 
heat of the glower, being large in sectional area, tides 
over on low frequencies, and is not found, to such an ex- 
tent, in any other lamp. 

¥late #17 gives a diagram of connections of a mil- 
tiple glower type of lamp, from which the arranrenent of 
elements will be hoted, 

rlate #1@ shows a typical performance of platinum 
heaters of the tube form - and rlate #19 shows the time 
element of a lamp from the starting point for an old 6- 
Slower lamp - while Plate #20, gives a comparison of the 
time element and total performance for the latest desipn 
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of equal candle power. 

A very late type of heater has been perfected 
which embodies a carbon core coated, by special processes, 
with carborundum, and provides a heater with long life 
and high efficiency at a creat reduction in cost, in view 
of its substitution for platinum. This heater has the ad- 
vantage over all other types in that it pives light at an 
efficiency of approximately 7 watts per candle in the open 
air at normal temperature, and therefore, rives semi-in- 
stantaneous light. A remarkable feature of such a heater 
is its uniformity of lighting time when on a circuit having 
commercial regulation, ss shown by Plate 21le 

Referring to Plate #20, it msy be interesting 
to trace through the action of the lemp from the moment 
current is turned on. During the first 30 seconds, the 
current is that of the heater only, end the glowers then 
start to take current. At the end of 36 seconds the cut- 
out acts, throwing the heseter out of service. Two seconds 
leter the second glower has teken approximately normal cur- 
rent and third glower is rapidly increasing from the heat 
of the other two. The glower reaches its maximum current 
after approximately 50 seconds, and a very slight drép is 
noticed after the expiration of considerable time, when 
the lamp body and ballasts have reached their normal 


operating temperature. 


DISTRIBUTION OF LIGHT ABOUT A GLOWER. 
From the limited area of the glower section, it 
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is obvious that the distribution of light about a 
bere glower, in a plene through its length, is 
irregular, es shown in Plate 22, because of the in- 
terference of the terminals from light emanating 
from the surface between terminals. When the 
glowers areepplied to the lamp, therefore, the 
distribution curve in the horizontal plane is very 
Similar to Plate 22, but at all positions below a few 
degrees from the horizontal, the distribution of 
light is nearly equal for «11 positions in any given 
plane. 

The Natural downward cistribution 
of light from the lamp, es shown in the curves 
(Plates 23-24-25) is one of its most valuable assets 
and herein lies one reason for the high efficiency 
of commercial installation. With this statement is 
opened a brief review of distribution curves in 
order to give the strongest possible emphasis to the 
remarkable fact that in no other incandescent lemp is 
such a natural condition to be found. 

The ¢istribution of a vacuum lamp 
Can be more or less correctéa by reflectors; but the 
nearer the desired distribution obtained by natural 
means, the less light will be reflected ana hence, 
the less will be the totel loss in the process of 
reflection. (It is to be noted that advocates of vac- 


uum lemps recommend their use for lighting interiors 
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only in connection with their auxiliary reflecting 
devices, so that a commercial consideration of vacuum 
lemps should be based only on © combination of the lamp 
end reflecting device as a unit.) 

In the present lamp, marketed since 
the Summer of 1908, under the name of Westinghouse 
Nernst, an advence in commercial efficiency was made 
through a combination of agencies discussed in the 
previous subjects, and also by e slightly different 
glower mix which would permit an increase in the 
current at which the glower operates, and the standard 
consumption was increased to .6 and .6 ampere. The 
efficiency at which the glowers are squirted was 
raised from the previous standard of 2 watts per 
Horizontal Candle Power of the naked glower to 1.5 
We per Cepe, which results in an increased lamp 
efficiency in some sizes of approximately 40%, The 
advence is apparent in Plate #22. Plates#23 and 24 
give the standard distribution of all types of the 
present lamps - end brings out clearly the downward 
distribution anda similérity of any and all sizes of 
lemp. These results, as noted below, are on the 
basis of clear glassware, which represents moder 


practice in the rating of illuminentss; 
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Size 


Lamp Glassware 


1 g1.66 W. 

" 88 We 

" 110 We 

" 132 We 
2 g1.(264 w) 
3 gl1.(396 W) 
4 g1.(528 W) 


4" 
ae 
B" 
ge 
ar 
a" 
e 


745 


Mean Mean 
Hemisph. Hem. 
C.B. Efficiency 
50 1.38 
77 1.20 
96 1.2 
114 1.2 
231 1.2 
359 1.15 
504 1.09 


(49) 


Exheustive tests on the absorption 


of light by the use of various kinds of glassware indi- 


cate that the standard glessware, known as alabaster, 


is but very slightly diffusing and does not mterially 
change the character of the distribution curve. 


The 


loss of light due to absorptioh in "Alabaster" glassware 


is approximately 15% over thet of clear glassware, and 


therefore, can be readily obtained, from the sbove 


curves and table on the basis of clear, by arplying the 


absorption factore 


The normel limits for operation of 


standard glowers sre from 200 to 260 volts in the 220 volt 


class, and 100 to 130 volts on 110 volt service. 


These 


lamps, as now marketed, consist of six units for use on 


both alternating and direct current of 220 volt, and 


three units for both alternating and direct current of 


the 110 volt class ( for indoor and outdoor service), 


which are populerly termed 66-88-110-132 watt single 


slower, 2-glower, 3-glower and 4-glower lemps. 
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short time, a five-glower lamp will be added, the 
largest incandescent unit ever offered for practical 
illumination. The 110 volt lemps at the present time 
are offered only in three sizes of single glower units- 
66, 110 and 132 watts. See Table No. l. 
aaa 


Lamp Voltage Current Service 


meneame msnestmntetee sneer 


l-glower (66 watt) 110 06 A.C.& D.C. 
n (88 watt) 220 4 A.C.& D.C. 
® (110 watt) 1120 & 2201.0 & .5 A.C.& D.C. 


" (264 watt) 220 202 (BK AeO.& D.C. | 


1 
1 
1 m (132 watt) 110 & 2201.2 & .6 A.C.& D.C. | 
2 
3 


“ (396 watt) 220 1.8 Ag@ 8°D.CG3 | 


4 (528 watt) 220 2.8 A.C.& DD. 


(X) All multiple-glower, 220 volt type A.C. lamps can 
be operated on 110-volt service by use of a small 


converter coil. able 1. 

The Westinghouse-Nernst lamps mey be claseified un- 
der three heads, multiple glower units, single glower 
units and chandelier unitse 


The mechani éal construction of the multiple glower 


lamps represents a design which combines simplicity and 
compactness. The unsightky exposed teminals and 
supporting hook, commonly used, have been replaced 
either by a fixture nipple or small hook through which 
the service wires enter the top of the lamp housing and 


terminate in two binding posts in the body of the lamp. 
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Immediately below the terminal porcelain 
is the section of the lamp in which the ballasts and 
ballast coolers are placed. The ballast coolers are 
built of flexible phosphor bronze and are securely fixed 
to the upper part of the lamp housing in such a way that 
a firm contact is made on the surface of the ballast 
and a metallic contact is secured with the housing, 
presenting e greater radiating surface. 

The housing is so constructed that a move- 
ment of the locking lever will permit its separation 
to a convenient distance, exposing the ballasts to view, 
thus making replacement an easy matter. Contrasting 
this simple method with the old lemp, it will be 
remembered that the bellests in the latter were arrange a 
in a semi-circle about the eutout, and in order to gain 
access to them, it was necessary to remove the suspension 
hook and the top of the lamp housings 

Below the ballast porcelain is the sleeve 
porcelain on the upper side of which is the cutout, and 
igto which the holder is inserted from below. The cutout 
armature (being the only movable element in the operating 
system) is enclosed in a dust-proof compartment, allow- 
ing the lamp to operate successfully without regard to 
Climatic conditions. 

The lamp bodies are interchangeable for 
either D.C. or A.C, ser¥ice, and it is probable that 


the glower, at present the only non-interchangeable 
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element, will soon be made for universal application. 
The holder of these multiple units 
represents a radical change in design. The old two- 


piece porcelain is replaced by a one-piece holder base, 
to which are attached the characteristic terminel 
prongs, and instead of the old method of mounting 
glowers with plugs, the holder is provided with a 
spring on one end and a fixed contact on the other, 
provided with slotted ends, which grip the glower by 
a fead in the lead wire and hold it under tension. 
Two prongs are brought through the holder base and are 
secured in such a manner that they lie in a plane 
parallel to the glowers and at right angles to them. 
The use of two or more heater tubes is superseded by 
a "Wafer Heater" consisting of e small pletinum - wound 
end refractory-cement coated rod, ben&t so that sever- 
al sections lie parallel to the glowers and securely 
mounted on a flat porcelain, The wefer slides on 
the heater prongs when inserted in the holder; the 
heater terminels being in the form of a Sleeve con- 
tact. Hence it will be noted that heaters end glowers 
can readily be changed without tools and without 
disturbing any othermember of the lemp. 

The various sizes of single glower units 
are of the Edison base type and present « similer 
appearance to the old populer 110 watt unit, although 
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the construction is a unique departure from former 
practice. The cutout is located within the Edison 
base; immediately below this is the bellast secured by 
means of a bayonet catch. Three prongs lead to the 
base porcelain, the lower side of which forms the 
Yernst receptacle. 

The holder consists of a glower and wafer 
heater permanently connected on @ small porcelain 
providéd with a standard screw base, with en addition- 
al contact pin in the center. By an assortment of 
diameters end lengths of contact pin, it is impossible 
to insert any other than the proper holder in the lamp, 
thereby insuring the consumer against troubles incident 
to the use of lamps of s wrong size or class of voltage. 

This form of renewal is populerly termed 
the "Screw Burner", and should supply the demand for 
a high efficiency incandescent lamp, so rugged in design 
as to be easily maintained by anyone. The burner is 
furnished complete with glassware when small bells 
are desired, and without glassware when the standard 
size of ball is used on the lempe 
pos) 

Next in order of importance is the life 
of the unit. A summary of the life of the various 
elements is given in the table herewith. These figures 
are the basis of the standard guarantee given on any 
installation of over 100 units for the average life 


performance when operated on a circuit whose regulation 
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is within 5% above or below the normal point of 
operation. 


Soooaaleaaa@q>A9R]>R»O)T€ET[DD9@™EO™@@E&™TOY™WVXaXS————_—_—_—_— 


HOURS LIFE 
See — LS”) ee 


DIRECT CURRENT ALTERNATING CURRENT 


25 Cycle 60 Cycle 133 Cycle | 


v £220 V.110V_ 220V 110V_ 220V 110V e220V | 


Glower 600 400 800 800 
Heater 3000 3000 3000 3000 3000 3000 3000. 
Ballast 15000 15000 15000 15000 15000 15000 15000 


Screw } 600 600 400 400 800 800 800 800 


COLOR 

The color of the light given by this Glower 
Lamp is another of its meny distinctive features. 
It is a so-celled white light, yet it has a soft and 
rich warmth of color which illuminating authorities 
recognize to be the easiest upon the eye, the most 
pleasing to the senses, and the best for general light- 
ing of all places; in short, this quality of light 
meets the popular demand, so well expressed by one of 
the leading merchants of the country as :What we want 
is a soft warm inviting light--not ea cold cheerless 
repelling light." 


PIEXIBILITY AND ADAPTABILITY To 
ARTISTIC FIXTURE DESIGN. 


By reason of the natural downward dis- 


tribution of light, the wide range of sizes and the 
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simple system of renewal, the lamp offers great latitude 
in artistic fixture design, so that the range of artis- 
tie possibilities is within the scope of the most crit- 
ical eye. The units may be used with equal satisfac- 
tion as a unit source, in clusters, in ceiling bowl 
lamps, or in fixturesof elaborate designe The artistic 
ceiling bowl unit by reason of the adaptability ofa 
high intensity to a limited space, can be used for 
efficient commercial lighting, end is a type of unit 
not practical with any other system. In this unit, the 
elements are built radially about the base porcelain 
in contrast to the vertical position used in the stand- 
ard lamps. With this system, absolute uniformity in 
quality of the illumination can be obtained throughout 
any installation, no matter how diverse the requirements. 
The chandelier units present a departure 
from former fixture practice in the form of a distinc- 
tive design. Heretofore, the complete single glower 
lemp was used in a pendant position in ordinary fixtures, 
but in many cases the appearance of such a combination 
did not harmonize with the architectural features. 
The new fixtures are constructed with the ballasts 
and eutouts in the body ball, so that the receptadle 
forms the socket into which the screw burner only is 
placed . In this design, the lamps may be operated 
in eny position, and e lamp presenting to the eye only 
a 3" ball will lend itself to artistic effects without 
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limit and still provide efficient illumination. 
These fixtures are made of both spun and cast bronze 
for use with any size of single glower lamps and may 
be obtained in straight electric or combination gas 
and electrice 


MAINTENANCE 


Unlike the incandescent lamp, the frame 
and connections of these glower lamps form a perman- 
ent structure, having an indefinite life, with only 
its light giving elements to he renewed from time to 
time. Of these the ballast has a life so long, 
as before mentioned, that it plays little part in 
the maintenance system. 

Likewise, the wafer heater has a long 
life, and will require only accasional attention in 
ordinary use. The glower, however, like the 
vacuum lamp, has a practically definite term of use 
and is the item of greatest importance in the mainten- 
ance system. It is now generally recognized that any 
lighting system, be it incandescent, ars, or glower, 
will give the best results when controlled by a reg- 
ular inspection and maintenance organizatione 

AULPIPIE GLOWS TYPE 

In view of the general Similarity in the 
construction of the are and the multiple glower lsmp, 
it is self-evident that che maintenance is much the 
same. In the are system, the lemps sre periodically 


inspected, globes and shades cleaned, carbons renewed 
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ahd occasional faults in the internal mechanism 
or a burntout coil repaired. In the Nernst sys- 
tem, the requirements are cleaning glassware, and 


replecing burned out holders. The extra labor 
which is necessary for the subsequent repsirs of 


holders in this system is about counterbalanced by 
the extre time required in the are system for more 
frequent inspection tourse 

A system usually adopted by lighting comps 
enies is the organization of a Maintenance Bureau, 
which looks after all lemps on the circuits, visit- 
ing all installsetions periodically, cleaning glass- 
ware and changing holders when necessary. The 
total cost of maintenance under these conditions will 
be comparatively low, provided the work is executed 
in a systematic manner. In tase the lamps are not 
installed on the free renewal basis, this mainten- 
ance is then charged for es a fixed sum per glower 
per month, or for an additional cherge per K..hour 
for current. The exact sum depends upon the class 
and length of service, but averagws 10¢ per glower 
on the former basis and from 5 to 7 mills per X.W.H. 
for the letter. It is obvious that location end cost 
of Labor have a rather important bearing on the cost 
of any specific installation. 
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Single Glower Type. 


When screw burner lamps are used, the 


maintenance problem becomes that of the 01d system 


of ordinary incandescent renewale Where free renew- 


als are included in the contract, the user returns 


the burned out burner, for which he receives a 

rebate towards e new one. “ith this system, the 

Nernst Lamp Company is prepared to supply all the nec- 
essary burners for a specified sum per year, based upon 


the length of"burning hours." 


The advantage of this guaranteed renewal, 
or maintenance cost is at once evident es compared 
with the unknown quantity representing renewal costs | 
in commercial installations of vacuum high efficiency 
lemps 

APPLICATION TO MODERN ILLUMINATION PRACTICE, 

With the advance in the effiéiency of var- 
ious modern illuminsents came a corresponding demand for 
an increase in the efficiency of application of the 
units to modern illumination requirements, due to the 
fact that the consumer is more interested in the 
application of light than in the means of productions 
A further demand exists for comparative figures of 
total operating costs (current nd maintenance, including 
labor end materials) of the various systems of illun- 


ination now before the public on the basis of equality 
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of illumination, and in this regard, great stress 
should be placed upon the actual illuminating 
efficiency rather than the "Candle Power", which has 


become an indefinite term, 


While the necessity and value of laboratory 


performence curves of individual units is fully apprec- 
iated as a means for planning the lighting of large 
areas, the conditions so found in practice cannot re- 
ceive the consideration their importance demands, md 
although some commercial conditions are considered when 
arriving at a set of figures for the installation of 

@ lighting system, yet one very important phase of 

the question is almost invariably underestimated or 
sadly neglected, an item which has a very marked 
effect on the satisfactory operation of a systen, 
namely: the loss of illumination due to unclean 
conditions of the glassware. 

It is at once apparent that a system which 
does not require reflecting devices is the simplest 
and most economical to maintain, because of less 
glasswere to break, and the absence of all labor 
involved in the constant cleaning required in order to 
keep reflector lemps up to normal efficiency. 

There is a marked contrast between the 
improved glower lamp system, employing a minimum 


number of units, having glassware of a desirable shape 
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and of smooth polished surface, and vacuum systems 
with their multiplicity of lamps and pieces of glass- | 
ware. Exhaustive tests indigate loss of illumin- | 
ation due to dirt on glassware in the former system 


to be a negligible quantity «and in systems employing 


reflectors, often as great as 30%, covering reasonable © 
periods of timee 

There is,at the present time, urgent needs | 
of investigation of existing installetions of Interior 
Lighting Systems in order to arrive at some definite 
and logicel data which will show,not what a system wh ich 
employs « certain type of unit, theoreticelly should | 
do, but rather, what the performance of such a system | 
actually is, when opereting under normel conditions of 
commercial regulation ané maintenance; for it has been 
proven that the decorations, surroundings, size of ere 
and all physical things have by far as fatal effect 
on the net operating commercial efficiency eas does the 
initial efficiency of the type of unit employed. 

Althovgh this is ea subject for broad treat- 
ment and wide application, an idea of the commercial 
effiency end losses on commercial install tions of 
the Nernst system can be gained by the following 
results of a few tests. The small losses due to ac- 
cumulations of dirt on the glassware are to be expedted 


from the very nature of the élaessware employed; for 
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(61) 
only round types or "balls" are recommended, snd in 
view of the downward distribution, amd, further, that | 
any dust accumulations «re confined to the uppermost 
part of the glass where relatively little light emanates, 


the loss on the effective surface of the glessware is | 


of little consequence. 


INSTALLATION Type of Mean Effie. %Ioss 

Lamp Illuminetion Watts per Due to 

Foot Candles Lumen Dirt 
EIS ON CDA 
Rosenbaum Co. 4.20 -558 
Pgh. 3 gle 4.34 0327 3025 
Armour & Co. 1 gl. 3228 0427 
Chicago (Old Type) 3.45 2406 4.93 
Mershall Field 6 gl. 6.52 0367 
& Coo, Chicago(0ld Type) 6.87 0362 1.40 . 
Sweeney Co., 3 el. 2 5S 228 - 
Buffalo 
Siegel Cooper & Co. 
Chgo. 3 gle S017 0295 ~ 
Charlton Coe, 
Fall River 1 gle 2066 e271 - 
Newcomb-Endicott 
Detroit 5 gl. 3.60 0517 
(Special) 

Sears, Roebuck 
& Company 1 gle 5266 2503 


The Nernst glower and its application to 
& commercial unit of illumination is s subject of great 
interest and breadth and would permit of many exheus- 
tive treatments, were time not a factor, md, in 
conclusion, it msy be said that the Westinghouse “ernst 
lamp, in the fiel@ of comercial lighting, fills the 
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| 

long-felt wants of every aggressive lamp consumer 

for a rugged lemp of the incandescent type; having max 
imum flexibility and embodying in its design high ef- 
ficiency, low maintenance cost, simplicity in renewal 
system, natural downward distribution of light, com- | 
paratively low intrinsic brilliancy, pleasing quality 
of light, absence of flicker, rugged mechanical con- 
struction, unity power factor, a large variety of 
sizes, and lastly, operative on any commercial cir- 
cuits; either alternating current of any voltage and 
commercial frequency, and on direct current for both 


110 end 220 Volt service. ‘ 
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